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Selection Criteria for an Antimicrobial Susceptibility 
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San Antonio, Texas 78284-7750 



, . m,cr P bl0, °gy laboratory plays an important 

: r le in antibiotic selection and use through performance of 
^ .routine antimicrobial susceptibility testing on patients' clin- : 

' wh ,h ^ are now a numbcr of Serial species- 
wh.ch may exhibit acquired resistance to one or more 
classes of antimicrobial agents. For that reason, susceptibil- 
ity testing is most important with members of the family 
Enterobactenaceae, Pseudomonas sop., Staphylococcus 
^ ^m 00 ™ »PP.. Haemophilus influenzae, and 
ffi&ocmxu pneumoniae, 'since clinifcallsojates ' may not 
«;• be . su j«pt'We to empiric 'drug :cl»k*Si n ^,;^^< 

vindiyiduahspl^ 

^ morbidity or mortality. •' - A?v^-&s ■ ^"?F 
: CUmcai microbiology laboratories cmSse' from ami hg 
.several manuaj or instniment-based methods for perfor- 
S^^i^ s ^Pti b «^te^?!n^eJncIude the 
" *^ffus.qn (or Bauer-Kirby) test^tibibtic gradient 
' "^ s lW MMn ^ithrmecha^^d inoiulaSr,. the 
brpth microdilution method (with ^thbut^use, of in 

lutomWH V fir0Wth '^^to^and^rt-iricubation 
automated instrument methods. The,. broth imicrodilution 
susceptibility test with commercially prepared antfoiotiS 

fvatb.e aS to e u 7 ,h r 222 
avadable to U.S. chmcal microbiology laboratories (4). 
MICs can be determined with the aid a simple view nl 

™S A™" 5 el ! borate viewer incorporating a computer- 
assisted data recording system, or within automated pho- 

the trays. The reader devices may also be connected to a 
personal computer, which generates printed reports and can 
facilitate data storage and retrieval for>riodic£neratio™f 

srnts susccp,ibi,i,y profi,cs for ° rgan, ' sn * ' wwch 

Automated instruments for susceptibility testing may pro- 
vide test results following a conventional I overnighnKbt 

chlS ' ° r u th ' y ma ? allow resu,,s to be determined in a 
shortened analysis period of 3.5 to 10 h (11) by taking 
advantage of the greater sensitivity of the instruments' 
optical systems to detect subtle increases in bacterial 
growth. Most of the instruments may also be used to perform 

and S r K »"*"*» °' gram-positive bacteria 
and may be able to merge and print identification and 
antimicrobial susceptibility results into a single report (22) 
This guest commentary focuses on criteria which may be 
used for evaluati n and selection of antimicrobial suscepti 
biliry testing systems. v 



ADVANTAGES AND DISADVANTAGES OF 
r> ; CURRENT SYSTEMS 

T V The advantages of the microdilution susceptibility proce 
dure include the convenience of performing TsusSS 
test and an organism identification in the TsameTrW the 
fhT™" ° f * « uan,itative "suit (i.e., tteS)Sf2S 
that some organisms can be tested accurately onryby an 

^ JL? Ced,,re u'. a ? d the ***** of the compute^d^rejol- 
in 8 j^ tem l w H? h are available from the conmwrcfeTml 
<^*lut«6n tray ^ 

which lacMlaboraory information system; H^veV it ^ 

f JrT- 6 ^^ a, ~«P«terized rep6rting4^wi£< 
^kdiffuapn^^ 

MIC method should not be viewed from the perspecir^mS 
: ; MIGs per se, are, more valuable ito. pnysilaMdeS 

I no dear prof=that the determination of MICs is suSb 

i' A S "' Vey 0f members of*** Iniecticabiseasei 
Society of Amenca expressed the view that MIC ^results may 

intermediate, and resistant category results may^prefera- 

tioi 'SZ^a ma ? ChoOS ? , to perform s hprt-term incuba- 
te! T? ed antimicrobial susceptibility, testing in order 

phshed by manual methods. Provision of important labora- 

SSS 1 d * ^ ,han * ^ventionaTmeSoJtera 
laical I advancement in patient care. However, there is little 

?£ CtlV l e y dei,ce *« ra P |d susceptibility test results S 
duce mortality or morbidity (8) unless ver/aggressive mel 

(26) - ^ S may ta due in P 3 " to ll >e fact that 
plrysiaans may not be aware that such capabilities exist or 
that the rapid results are not available at the time that clinical 
decisions regarding antibiotic therapy must be made (13). 
JSOLi * C ? revious shortcomings of rapid susceptibility 
testing methods was some sacrifice in the ability to detect 

STi a ^° r ^ ne ^ 8ubt,e antimicrobial resistance 
mechanisms (11). The instruments most notable for such 

problems are no longer marketed, and the manufacturers f 
tne two remaining instruments Iiave made significant strides 
EZS " rrectm ?- ear"" problems (11). However, it is 
important to emphasize that accuracy should not be sacri- 
ficed in an effort to generate a rapid susceptibility result. 

A significant problem with commercial microdilution or 
automated systems is the inflexibility of the standard antibi- 
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- otic batteriesor test panelsrWith the ciimntavaibbilitv f 
T K 2" » "a**- in the Unit d States aKhe 

tSS ^ betwecn fonnuSs fa 

drfferent heal* care facilities, it is often difficult for a 
^ratory to find a standard commercial test pane wLJ 
complete^ satisfies its needs. With one exception f 1^ the 
jnherent flexibility of the Bauer-Kirby disk SontS £ 
not been matched by the microdilution or automated test 
systems. There may also be delays in the availabiUtySnew 
antibiotics m an instrument system or in making Zn Js Tn 
breakpomts, quality control values, and inte^e^iS Xi 
nes following their clearance by the U.S. Food and SSjb 

cS^ 00 ° r a £ proval bv *• Nati0 »»l SnWtiee ?of 
Clinical Laboratory Standards. ior 

whtn2 ! T,S th aMtom . ated , susceptibility test instruments 
which use both conventional and short incubation periods 
has been limited instrument quality control pwcSJsTK 
has . occurred largely because the' stand J^ tr 3 IS 

eau?l 22 i^Tf 0ffSCa,e Va,ues « U - MICs £55 
equal to the lowest concentration or greater than th<> hi.t.J*. 

^ration tested by the inst™^ ft £S £, 
partocularly acute with breakpoint testing panels, fa wSch 
T&uXX tW0 r centrati0ns of an anUbiotic are tSS 
3?k **.? f e"" 8 ^ control values means that the potencies 

. ; n»nt may : not be determined with the ' level of nrecisionX» 
^^^biologists have •D^'SWKWSf 

flr^IlP' %°>" a ted susc^tiMity^ 
■ i^m^ op^tic. A review of ^ current^oBe7§ ' 

fS^""^ teSf me ««ods reveals, that oriy > 
^.minimal labor savines fi e Ipk ni,„ 1 „: v ,! r" •■ 

£ testV "ra^^h^r? than ! nun of: savings per . 

ed - ^ currem '^nientatioh':(5). ^lels' 
sB^ s f^bor. savings may be mostr meaningful to E 
; ^^t««P*Wogy laboratories Which peSlarS Jlf " 

may be able^SXnS J 
*;.o$eyen ( a slight reduction in labor requirements. * v 
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WHAT IS ACCEPTABI E REPRODUCIBn ITV i«in- 
ACCURACY FOR A SUSCE^ILrrYT^ 



■£L? °™ ER NEW 0,1 NOVEL TOSr METHODS 
•'odIShW J* 0 f nt . ibioli c agar gradient susceptibility meth- 

fVnwnw, and anaerobic bacteria because 
spec,* enriched media or a special incubaton atooSre 
<e.g. anaerobic or increased C0 2 ) can be used. Um0Sphen 
mni*^? " considerable interest in the possibility of usfae 
molecular genetic methods for detection of antimlcrobSj 

responsible for the production of PBP 2a in JtaXJKE 
™defc acid amplllfcMta, ui^e, oj^J £fe S 



It is essential that an antimicrobial susceptibility test 

^^^^•^^••^iiitaeiobe suswptibuitv tests 

5' ^Cpbia I, susceptibility : lasuiimente^w^.'^fflr 
^M^" (l8 > P^ed the err^^SS 

; a ° a ^ s ? !?^ P™ S'« brealqjomts to be chosen wiffi the *\ 
, ..£? ? f «^8.interpretrye errors comparedTwiS cate- 

■ : &i^'S J ?S^^ Crr0rS of fal^resistaSl^sSca! : 
^^M^^ 1 ,! 0 more man 5%orall tests v (18): 
; rie?vS S nlPS? CO,,ea 5 ,eS . (24) to u *ed thewtego- . 
i £2 !£ major ? ma J° r » and mil «>r to describe errors of false 
susceptibility or false resistance or a reswmL 5nv3lvfa? a^ 
"gn^diate result (icsp^ely) when VJSSfZ 
performance of a new automated system and wmoaredthem 
ShSttr? - ^ ta * m«cSiuZn^„ d d^s , ; 

were IS*? chalenge orgamsms, disparate results 
were obtained from the two standard reference methods fa 
one or more laboratories." For the purposes 5 ttefrSSy 
a reference angiogram was established for each oi 
isolates on the basis of knowledge of the S£2££2E 

^mmS 5° ,,e ct}on of organisms with known resis- 
Si?T rt,eS f or eva,uati0 " of a new susceptibility testine 
Je2 tanS,* 180 ^ i "I p0rtant ^ow'cSent Saffi 
7™L^ P ,t U T m ^ conventional methods used to 
re »»lte of the new instrument method. 
Thornsberry and Gavan (25) suggested in 1980 that "an 
"Vu*? b " for evaluating a new^iSment test 

neover 90% and that the total of the very major and maior 

St uU b « 'ess than 5%. In W81, sfinRS Rya?(S 

£ n ^ V f ral tentative su «5estions for the acceptable 

2Sd Sa. ^P^ 1 ^ 'esting methods.Th.y JS- 

E^L u V fX ""^ errors attributable to the new 

*5t2« " T^!** 15 J^° r aU » d WdualTpeS 
io oe tested. They also suggested that "the overall percent- 
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xceed 5% in tests on random cluneal isolates " Thev 
contended in the r article that errors can be a tStedto^ 
procedure if similar results are obtained f 11 ™ na renL" 
testing of both the new and the old procedures Tfhey £ 

cure is V5% a perfectly reproducib e and accurate autn- 
mated procedure could obviously not exceed9?% co!S 

testing procedure would have acceptable accuracVtf aerie 
ment with a reference method was at taTSSTS 
important torecognize that they did not specify thecharac" 
tenstics of the population of isolates on w^h the reaSe 

XSlkZ tha ° V? Wiy m ^ r e ™ » basX 5 

To illustrate these points, if a' group of 1 000 coiKec.*,™ 
clinicalisolates were examined in aS^ SoSSSSlt 
VEST**! t0d8y ' fW (e g ' <™)*rS res sun t 
be encSnC'T " ^penem antibiotics would Se ? 
on SM!!^- If ve,y major testing errors occurred with 
Hp if ,he res ? stant strains - the error calculatkmwoS 

, vJJSS"^ .?? the denominator, Itow^;|^cJiattw 

^'Ifewor errors occuned wim one-«th of 
Z S^Y^*^ 1 * We™'calculanohVbula^3%- 

. .^^B A h , 0 H8 h test;performahce was the same with both" 
lE? 5 ^ * ^ organisms, ^us^m fte same?mSS 
vW&f 05 the calculation of predictive val- 
^IF-^ of the test isolate population 

^^m^^ enbr r ^mi#tedS 

'^S^SS^S^^ new automated susceptibility testing in 

S ;that calculations of very n^errS } '.S5?S' 
based ontyupon the number of resistant strains tested since 

r^,r? J f bl ? Strai, ! S cannot ««*ute w»325S 
results. .Likewise, major errors should be calculated*™ 
he^basis of the susceptible strains in the poputafom sinS 

£„S° h ^ m ^ Ut f em,rs <* faIse su^Siy! To 
■ aistinguish this method of error calculation from that nm. 
posed earlier (18), Bradford and Sanders (2^ter^KE 
term "risk corrected error rate" to describe the sSSticalfc 
correct means for calculating interpretive ca^orTenW 
Application of this unassailable logic to the C,S 

tES? ^ ^ reveals uTboth organKopuS 
tions, the very major error rates were actually 20% 

In rigorous evaluations of new susceptibility testing meth- 
ods ,t is important to examine a collection of challenge 
strams which contains an adequate number of distant 
strains to verify the ability of the new testto detecTrSE 

kb*? P erfo,manc e by examining a number of suscepti- 
ble strains as might be expected in a large population of 
unselected isolates to detente the extern o7ma]Sr a^d 
nunor errors that might be anticipated in a typk^ dmfcal 

S?S3[ 5ett,n8 -. TeStiDg ° nly °" e type of SkSe coE- 
SZw hi u„ 0nCea L ,,n P ortant ^Pects f any new test t£t 
should be Icnown by .ts potential users. HaVing made tiia 
assumption, it is important to define the level of acceptaMe 
accuracy on the basis of this proposed method of £25? n 
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~ "I rl 1 ^ 8 to ,he "''er statements regarding the remodur 
ibility of conventional MIC tests as apScofitelv 

ZIS^SS? ertorsleiS^o?: 
3% fl? tliZS 5 l° f ^"sistant isolates should be 
,Z tli'JZ more * an 1 in 33 Elates should repeatedly 
test falsely susceptible) and that the combination cTmX 
and imnor errors attributable to the new test™ "uU MS 
when determined on a large known sus^Sbtiot, i 
a large unselected sample of clinical isolates Fo?StiSi« 
without an intermediate interpretive category 2 2 
«tion of these criteria is reqSred, s^Tn^fSpSS 

m a K W,SlyCat v g °u rize 3 USUntioa MICertclaseTtKery 
TT* 1 * ^ e reference MIC occmed at he K 
S^S?" 1 for L such a drug- Thus, the legitimate meSS 
should be whether the withm-l^lution agfeement bS£ 
toe two _ procedures is >90% If strains resisStt^ew 
antibiotic have not been recognized, the acwraw of ^ 

sssg^ test method for th5dn * S*« 

These proposed criteria should be viewed as renre»„»i nB 
the most desirable performance for a newTes?nSo^Tf 
possible that a test with a lower diSTJSJSSi 

; ^^a^s^ e^pleWbe ^ frSS 
W^sevaJuated a new eradient difliiirinn ^^UiuaLi^ 



Whirh * ' " r~ u "- u,c v*n pe orawn mmira slnjch' 

i ^^^^^beta^ctain ahtoWticson SSi " 
^pajle^onofsto^ (J-lactaSS^ 

:f ,n 8 /!!^^«Wft [bacilM •'0^?^i^5SrSP5S / ' 

*^2^^■i*^? % - , 9^:0«» compared with the MICs 
; ^ ,e ra^by^a;vconventipna^ method. TleSS 

J 'S^^t^. the resistance mech- 

« -^^fW of o^sms bVanymemSl 

1 P ro P°se for the acceptable accu- 

5 nlrMSf ^ S ^ ,tibi,i 5 r testing memc^touldnotbe 
y^Sejetodly^Instead, it is important to consider the 
degree of dfficulty invoNed in detecting resi °ta?ce ^ome 

h i/Wfed ;.Jnore leniently than others or that there are 
2Sffi^.«?« antibiotics cannot £ TesS 
^"{ate'y.v Merely, it is important to recognize that some 
££ or s ow-growing organisms or 3e^btle resTs 
tance mechanisms may not be recognized by any Method 
vnth fcesame level of reprodudbmty acc^aSuS «J 
b5 n expect^d with most other otganL^antitiotic^oiSl 

In summary, contemporary clinical microbiology labora- 

SS-fT".?^ m ? th0ds to choose ^ in ^ectfaTa 
method for then- routine antimicrobial susceptibibty testine 
In an era of great emphasis on cost-conteuunent, h is worth 
^Phasizmg that the most economical susceptibalr? ten 
method ^currently available is the Bauer-Kirb^fsl TdiSisfen 
~rfn™ *5 1Dt *» taclud e the fact that it is simpteto 
perform and very reproducible, it does not requinV any 
%SE f T&*' lt pravides oategory results readily iaZJ 
ofd™J^ dm,C?a ^* and L ,off "gteatflexftaityms^on 
tiSXSiJL 1 ?*"" ,est batteries - D ^ te *e attributes of 

one f the commercial microdilution or rapid automated 
moment method ^ 

perceived benefits to the laboratory, including the provfeiS 
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of m re rapid or more quantitatrv^su!ts,ThT^ssibility~of 
automating certain tasks, and improved data presentation 
and storage capabilities through use of the personal c m- 
puter systems available with some instruments. 

Few laboratories can afford the resources required to 
perform a rigorous evaluation of a susceptibility testing 
system which might be under consideration for acquisition. 
Microbiologists should make themselves aware of the per- 
formance evaluations which have been published in well- 
respected, peer-reviewed journals regarding the systems 
under consideration. In addition, a laboratory should per- 
form a limited on-site evaluation using selected control and 
clinical isolates in an effort to validate the claims made in the 
literature and by the manufacturer regarding the conve- 
nience and reproducibility of a system. It is also important to 
assess the reputation of the instrument manufacturer with 
respect to routine service needs and the likely response to 
unanticipated mechanical or biological problems which 
might develop. Each laboratory must consider all of these 
factors in order to make an informed decision as to which 
methodology or system best suits its needs. 
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